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FOREWORD

The area of Sonobuoy performance prediction is of vital importance for continued im-
provement in our Antisubmarine Warfare (ASW) capabilities. As part of the Naval Ocean-
ographic Office's investment in ASW, the Environmental Systems Division specializes in
on-scene predictions. ibis report identifies the major on-scene sonobuoy performance
prediction programs and analyzes the characteristics of each. This information should
prove a valuable contribution to future fleet improvements in on-scene prediction.

C. H. Bassett
Captain, USN
Commanding Officer
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iFI:(IvJV SUMMARY

Ill all 0f1Q11 ClIl\il11IIIt Where there is little or 110 information aboult the tmarget, tile

-dlluatill14( grallS give % ar\ing, results. Thle data iIn this report show that these p)ru, ra-ls
evalual: (- probhlilit v of' detectionl H' MI) differently' for the sam-e set of patterns and inlput

:1LuCS. 13v :lna1lzin cumulative P)( Mf culrves there are general relationships that call ie ob-
,et'ved bet\, een tile nio(el,- : (1) 'UASi)A tendls to be conservative in comparison with AZ( )]
-Ind( SPIAM\ at low fig-ures of merit since it assigns a POD) of 0 or, 1 during a Monte Carlo tri.
(2) SPAM is the Ilost optimlistic of the three at lowv figures of merit since it Uses a cumnula-
tive timle willdow andi a w\eighted1 average to ob~tain P~OD. (3) At all freqjuencies and FO~ls,
AzoA Shows small varia-tce Iletweenl prob~ability values for each of tile patterns since the
calculation of POID is timei independent. (4) SPAM is more conservative ill its POD values
Zit, high FOMs Since the Cumulative time window builds detection probabilities. (3) Both
A '/( 11 and TA-SIJA have a sharp bi)eakoff point [or FOl\ below which POD values decline
lilfpidlv to z.eiro because ot the probability of detection vs. range Culrves uSed in each
nlodel1. ()utiput lov ADIEP1S was not analyzed since tile number of patternls it evaluates is

limIlite ialli] tile output is a conditional prohahilit 'y of detection. D~ifferences between com-
pitet ml nodel.,- need to he investig-ated further. H~owever, further investigation shlouldi be
halseI (111 a real world application of the sonobuov programs.

Vii



1. LTO)DUCTION

Deciding on a "best' pattern is not an easy task. Ideally, after input of all available
data and execution of a sonobuov program, program output provides an optimal sonobuuy
pattern. There are, however, many complex decisions to make in specifying a pattern
including :

wlhere to drop each sonobuoy,

numb)er oF sonobiuovs to drop in n pattern,

'-,ch~Un depth Mett ings,

leng-th of time to monitor a pattern, and

number of patterns to (rop.

All of these decisions are interrelated. For example, the number of patterns depends on
the size of the search area, the aircraft on-station time and the availability of other air-
craft. Additionally, the number of buoys required for a particular pattern depends on
sonobuoy depth settings and monitoring time ior each buoy. Operational constraints and
mission goals must also be considered to provide the decision maker with the best possible
choices for each decision.

Four of the tactical sonoluoy computer programs which aid in these decisions were in-
vestigated to determine their functional effectiveness as an aid to plaming search patterns.
The programis studied were:

1. Tactical Sonobuoy Decision Aid (TASDA)

2. Algorithm for Zone Optimization anid investigation (AZOl)

3. Search Pattern Assessment Model (SPAM)

-4. Automated Deployment of Sonobuoys (ADEPS)

This report provides a description of the simulation techniques used in each model in See-
tion II. Input parameters of target intelligence, environmental data, buoy data, and aircraft
characteristics are compared in Section III followed by a discussion of computer output from
four scenarios in Section IV. Sonobuoy pattern definition is included in Appendix A. The
propagation loss environment is described in Appendix B. Output data analyzed for this re-
port are included in Appendix C.



IT. DESCRIPTION OF CO)MPUTER SrIULATION MODEI,S

The tactical programs ADEPS, TASDA, AZOI and SPAM provide measures of effective-
ness for sonobuoy patterns. ADEPS uses a mathematical technique based on the symmetric
properties of certain sonobuoy fields to calculate conditional probability of detection. The
other models, TASDA, AZOI and SPAM, use Monte Carlo simulation techniques. In these
latter three models satistical distributions are used to simulate initial target location. If
target position and speed can be estimated, a normal statistical distribution is used. Other-
wise, a uniform statistical distribution is used and the target is considered equally likely to
be anywhere in a search area.

Model Description for ADEPS

Two search methods are available in ADEPS (Allison, 1970). An area search rou-
tine predicts effectiveness from a latticed sonobuoy pattern with equally spaced sonobuoys.
This routine includes the following possibilities for buoy placement: 4-4, 2-2-2-2, 3-3-3,
8-8, 5-6-5, 4-4-4-4, 6-6-6-6, 16-16, 11-10-11, 8-8-8-8. A barrier search routine
assumes that a submarine is on a course perpendicular to a row of sonobuoys. Only the
area search method is examined in this report.

In the ADEPS area search routine, symmetric characteristics of the sonobuoy field
are used to divide the field into identical subareas as shown in Figure 1. A lateral range
routine computes 1POD versus range values to give the probability that a sonobuoy will
detect a target when the target is at a given range from the sonobuoy. Individual buoy

o 0 0 0

o 0 ..... 0 0

o 0o 0.....0..00

Vigure 1. A Symmetrical Subsection of a 4-4-1-1 Bo- Field in ADEPS.
Probabilit. of Detection is caIlculatCd for a symmetrical sub-
area of the buoy field and is used as irdicator of effectiveness
for the entire field.

lateral ri01e curves are Coml)ine to (leterminu probability oi detection at equally spaced
points Li * a sub:trca. Conditional probability (P(t)) is computed from the sample points in a
.,ubarca where the combined probability of detection is greater than or equal to 0. 5. The
average distance D between 'onsecutive detections is computed by sampling each point
seltuentially (as shown in Vigure 51 and nveraging the distance:3 between 1()l) 0.5 sample

2



0 4 0

..... ... .- ..Ij .. ... ............ 0

\D -4-. -- .•.' i- * 1.--

c: it I 2  < 2 1 I,-'!.:I1'lc

* I
f

P 4 .- = - -. .-c -P i P

iii 0 iLL vim - Ll~~~itli2 U i ,, i stani ce- [,_ i , ;l.-- ;e' Li nni'

Laijuto 1', l.It a:ll] cu I nditon " probbility f ete ct ion ( i n a subare dii", 't-! ime t' .

.\lthoLug it iS not the probability that a submarine will be detected bY the entire sonobuo-
field, it is' t measure of the effectiveness of the field. The final product of the model is
tihe aerage conditional probability of detection (i) given that a target enters a symmetrical
sublsection of tile buoy field. It is determined by averaging the values for P(t) over the on
station time period.

Model )escription for TASDA

TASDA operations (NADC, 1970) are divided into two functional objectives: (1) crea-
tion of a sonobuov tactics file, and (2) application of AMonte Carlo simulation to produce
optimum sonobuoy field deployment for ASW threats. The tactics file is created by a
geometry definition program (GE(IMT). TASDA uses Monte Carlo game theory to stimu-
late 100 random tracks of a target through a sonobuoy field selected by GEOMT. Aircraft
time on station is divided into time steps. The position along a target track is computed
for each time step. If signal excess is greater than zero for two consecutive time steps,
a detection is recorded. The frequency of detected target tracks to total tracks is used

as an estimate of the expected and cumulative probability of detection. The total time
a target is detected by one or more sonobuoys divided by the number of unbroken detec-
tion intervals is output as mean holding time. The time of first detection for each target
track is recorded and the total of these times divided by the number of detected tracks
is output as mean time to first dttection.



Modcel lDescr ipt ion for A\i 'I

AZi )I ( Birniau m and D o rm,, 19t75) is ai tactics pack age which incIluds fou r SUbprogramis
1*( ( I ( PI, W cA IT, a ndl (CAMl . I-pe(te( probabi lit V of(Idetection P ( )l) by 'I S0110)Uf)y

fieldi is comptit ccl in Ij. )( )1 . ( )I I determines the pattern spacing, which Frir ids nixi mum
1*I1 11c). \AIA calculations,- include cumulative probability Of dection. CA.MI 1I' uFs KP( )D
obtained to\ I I'( 1 estinmt an optimum humc spai-g- for i a-given paittern withsera
li fIlen oihucirct oil ste, >ch aIs figujre of merit (F( IM) or huor() depthl.

In, A.( )1, 1 P( )1) is estimated by ,\lont e Carlo simnulation. A lateral iafl1ge Cu.'rye of
pioiaciltvof djetection \verSus signal excess is given by a receiver operating curve (B( Cl
'ic (isctculiiicd Irlij a pro ca)tL\0 alse '1alrm1 Ot 10 1 and1( I spci ti sjWC'tloIlIi

;Iilll\ /.ci >'t 1,I, i a i\c-iniit illteg' 'Itioli til)W. Sigld CiXCcs> V(e isUW i-,01g4 j.- detcr-
innedl from the F( M\ and thef propagamtion loss cu rve. The two 1 ahles of values are ci t c e

to proc 1oe lP( )D ersLI.> rang11e Va-lue.s.,1flange fromn a son Ohuov is dietermi nei from a stati s-

tiC' targeQt di st riillt ion. DI )etect ion i rohabilit v , i, .For the it h s onol 010 at rne ri fromq
the 1,crgc-t is found from )( )[ Vers.-us range va-Lues (fig-ure 2,. In equation 2, Z (Xi, IB is the
expected a leue for detection when the target is at a particulor po~siti on t.Xii Yi i.The sub)-
SCi2 ipt i is :11 illdeN Used to number target positions from I to N.

n i: 4er of ->orcluo-s --

VKP( i ' to.la patteirn is calCUlaIted byv takin-, aandomi sampjle of N target positions. t uobaI-
1i lit v i ;calculated for each p~sit ion i :is- in ecquation 2. Thc proh atbilit ie-s are summed inc(
divided 1Y, N tW Calcklate 12 IOUl in equaition I

[z X Y4 ,.......Z 7, Y.i/

N rruwber of targe; DOS itI OIS

(ccol~tiv lccchcldlil ofdetection (C Pt'J)p i-~ also est i nlat!edI by Monte (~o m-
Li:tiun. The iatheinatical fciiictiwn used in Lhe eovnputatiOiioif CPCOD is binonil and gives
0he lIWOl)Zlhilit o1 atL Ilst 011C cjet,-etje ,i in N triatls. A.\io ti is chosen ranldomily from I
A! lcli IIute rVAl I usil"Ng a Iioll 11c ciilu n ("Ceio nrator. The in1terval I is deftinedL by eq(UAtie

-- T I -Vrraft tile( iate

F L whIe h2n sotobuv- UO& A; m
I n,-er be -n r I f ) I

Ar 1dicc* P-.1 intv ,ihout the target pos ilioi a 0 tim i.-( cal oil ited from aI no rmal sta.tistical
(t-I rilit ion. DflrVctiov plroh:)!Jiltv- at1 a po>Oi' iii .-. ;crul-ae as In e~jt:iiion 2. Thie mtLxi-
mumn exjpecte valu e foi c et octit n 11\ >o!t0' uo\ i tl gicre 1) over ', tairget traeIks at each
limne ti is sunimcd to vield cinitlati' prtihaiilv o cit ltection in -xdiiation 5

5 rj, (~. I - I * - -,* -
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The CPOD in equation 5 is an estimate for the lower limit of cumulative probability of de-
tection at time t. A large number of target tracks must be generated to obtain an estimate
of CPOD with a small variance. The number of simulations required depends on the signal
excess and the desired accuracy of output data. The probability of detecting a target that

has not yet been detected is calculated from CPOD using Bayes theorem of probability.
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Figure 3. A Graph of POD vs. Rlange Values Computed in the AZOI Tactics Package.

So.obOO

"I.

Figure 4. Maximum POD Ptj* of 3 Target Tracks at Time tt for a Sonobuoy
in AZOI.
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Model l)cscription for SPAM

The SPAM program computes ('PO) bv .Monte Carlo simulation (Marlii, 1976). The
range of the target from a sonobuov is found bv a stochastic process. Signal excess (SE)
at time t is found from a normal distrihition with mean SV(r) and a standard deviation
of G, S, 10, or 12 (lB. The probability ti'at the signal excess is greater than zero at range
r is given by equation (i (Marin, 1976).

P I SE r 0-! ... . e . . . dx (I
- standard deviation

of signal excess

To use equ ation 6 in a simulation model, it is necessary to introduce a time element. The
expression P1 (ti) is introduced as the probahilitv that a target is not detected at raonge ri
during timei ti. lhe following equations are assumed for the time element.

r.. t.) .ti + 0 (ti) eiere Iiw n(t)/t = 0 7a

t ) + ij(t) I here ill(0) = ! 71

K(t. + t. Tj(t.) * .1 ( tt 7c

I.cluation 7a states that the proba!bility of detection P(ti) is proportional to some constant
A plus some higher order terms. The higher order terms in equation 7a can be neglected

for a small time period t. Equation 71) states that the target is either detected or not
detected where the probability Mi(O) of no detection at any range with no time elapsed at
that rang is one. Equation 7c assumes hat no detection at time t aId no detection at timic
t7 At are independent events. The assumptions lead to an exqponential statistical distribu-
tion For li(ti). The .SPAM program uses the equation ('Marin, 1975)

.t

P . ; - for t 0

ill : .sminlulationl tchniqueM call e t the UP t lM i ye lime \indow (CT\V). The lengt'th of time to
Ilece.sa1 for a sonobuoy j to detect :target and the length time t1 between time steps
are input. IProbabilities Pi(ti are computed and compared with random HUnT11er, to
(leterJin Wlbhn a detection occurs. A progrul trial ends either when a detection occurs
or when the aircraft on station time cxpircs. The upper limit for cumulative probability of
(detection is obtained 1)\ t omli ini"ag silngle buoy probabilities inicpeiQdently in equation 9.

ii number of sonobuoys

A lowe liiIit to loltobailitv ,A detect ion at time ti is obtained aSsuming complete
diependte,.f'0 " as in e(c 1ll|Oll ill.
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11 n tiumbei of SOnObUO.\

SPAM outputs cumulative probability slightly less than hAfway between the two extremes
using equation 11.

CPOD .45 (CPOD x + CPODi n ) + CPO) m 11.

Summary of Model Descriptions

l-ach of the models calculates probability of detection at some time ti in order to
arrive at an estimate for KPOI). AIK)I-PS calculates the average conditional probability
iP in a symmetrical subarea of a buo pattern. TASDA computes probability of detec-
tion hr one or more buovs (1'1)1) using Monte Carlo simulation of l00 target tracks and a
detect t1()D 1 1) or no detect (lP( 1) 0) analysis for eavh track. .\Z )I uses a binomial
(listribution function to calcutlate 1:'1I) M where a value along a time track is chosen random-
lv. ,PAM uses Monte Carlo simulation and averages P (ti ) (previously defined) obtained by
assuming dependence of sonobuovs with 1)(tit obtained br assuming independence of sono-

Fach of the models estimates cumulative probability of detection. A.-I)S uses an
exponential expression to estimate ('1()M. TASI)A uses a detect-no detect Monte Carlo
mathematical techni(que. AZ( d uses some of the 1. l' )I) calculations to obtain an estimate
for the lower limit of (IN )1). In the uniform case C(IN )I) is time independent and is equal
to IN. )(D. SPAM uses a cumulative time window (CTW) defined by t o and t1 to calculate
('P( 4).



Ill. SCF:NAIC) 1)2F~INI'l( N

Five sonoubuoy pa Itei'ns emiplo ed by' ASW' tact-icians. \erc ch()suii l t' (hItI ;Ulza it -s ill

scenario 1: the circle (ellipsec in the no i-ial ease), I- I I - 1 , Che vronl (chev run s-ke!\\ ill

the normnal ease), 5-6-5, and bruslac pattern's. T'hei r ColiguL ra tiolns are-( Iiled inl

Appendix A. The sameC inpu)t Ii) I tar'get ilntell ige nce, (0 v i r nni ental data , and i ire ralt

eha racteristics were uIsed SO as- to OVala IC the elIeCti veness of each pattern. ( )Uttilt

was gene rated for one-half hon i, one houri, ailil [OL1t h1011'.s of flight time in all cases.

preceding the aircraft's arrival on-station. The aircraft renm0ilied oti-statioli ['011 I 1i1.1 iS
in all cases for scenario 1. The circle, ellipse, 1-1 -4-4 and Chevron skew patterns

wer~e evaluatedl in scenario 2. Tlhe on1-staioii timle Was extenlded troni1 I-l uO r t 1 OuIF.

inl the s'con~d scenario and outpult was gen)Ciated 101 r11 one on timne Lite. hI Scella rio 2

the Circle, ellipse, 4-14I-4 and chc\ ron skew patterns we ic se!arched inl qua rter-s IM
Olou r planes with one hour time late anid tour, houris on station. Seena rio 4 used the

sameu target data, I)UOY data, and airicraft data1 i upe t as scenario 3, however, envi ionl-

mental input wtas Changed foi- othier Comipa rison pu rposes.

Scenarios 1-3 were based onl the folowing environmiental input. Anl XBT tell peratUre*(

profile to 750 meters recorded G Jly 1971 in the P~acific Ocean at latitude ;330 TS' North

an~d long-itude 1230 39' West \\as ilnI)ut into the Integratcd Command ASW Prediction System
(ICA PS) PPROFGFN Computer prog_-.n. This programn merged the observed depthl-

temperature p~airs withi a deep historical profile to ' ield a total temperature profile with

tbottoni depthi at 4000 meters. The program theni calculated a SOu~nd speed profile froml the

total temperature profile and historical saliniity values. Thie sound speed profile, which

c.-Jibited a dIepth excess indicative of convergence zone environment (Figure 5), was input

into thec ICAPS Fast As ,ymptotic Coherent Transmission (FACT) program to determine

acoustic Propagation loss. By varying the target depthis, receiver depthis, and detection

trequc~lies, inserted into the FACT prograni nine propagation loss (PL) Curves were

generated. Trhese culrves appear inl Appendix B.

The emi ronmental input for scenario -1 was a Gulf Stream profile from latitude 390 3W;
North longiitude 70' 29' West recorded 17, November 19G;9. It was merged with lCAlS deep

history dtata to produce a total profile with bottom depth 24100 meters (Figure (6). An i At-

lantic slope wvater profile at latitude :39' 35' North, long-itude 710 30' West recorded 18 Noxr-

embier 1969 was merged to produce a total pr-ofile w ith thle same bottom) depthi (Vigu re 7).

Two different profiles we-,: used inl seen ario Iinl order to showv the effect of varying the

env] ronnti on the tactical prograims. Since, senario -1 Uses environmental inlput1 which

is dlifferent from the othler* ." scenriios, its out put does !iot (Ii ect lv cr ipar wc it h out put

from t he firist three scetiallb.
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1V. POC ESSING R EQUIR E 1lNTS

All four tactical sonobuoy computer progranis require buoy input, target input, and
en-ironunental input. ADEPS does not require aircraft input. Some input values are preset
in each progtrani so that the user need not specify a long list of values. Data processing
inputs for ihe four scenarios considered in section V are given in Table 1.

l310\o Input

),uoy input which define sonobuo\ patterns for evaluation is shown in 'Fable 2. In
AI)EPS tie total number of sonobuoys input must be a multiple of eight. Area dimensions
are re(uircd and are used to calculate a buoy spacing. The buoys are equally spaced to
cover wi entire area. ADEPS is the most limited program in terms of buoy input, but the
synimmetric patterns allow rapid processing. The oly geometries available in the ADEPS
preset pattern package, applicable for this study, were the 4-4-4-4 pattern and the 5-6-5
pattern with a uniform target distribution.

TASDA requires the number of sonobuoys, buoy position assignment, the number of
different spacings, and buoy spacing limits as input. Patterns are input using a sonobuoy
position plarner chart. Optionally, the user may input buoy positions in x-y coordinates to
define a pattern. GEOMT is a preprocessor prograni for TASDA and creates a tactics file
of up to 20 sonobuoy patterns with as many as 64 buoys in each pattern. This preprocessing

Table 1. )ata lrocessing Requirements

ITL
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a! re, emlr'ie. o10 cases shown in Table 1 into 1(2 runs for processing. TUn time and
h110% inpu IIm( 1rI'( reduc(l Sin, huo positions are si mply recalled from GEOMT rather

n h rout ]el\ (,nt(,i(l.

Table 2. Buoy Input

ADEPS TASDA AZOI SPAM

Coordina tes X X X

Spacing X X X X

B11o\ [iafornation X X

Preset P 'atterns X

Geometries X

Ambient Noise SDev X

JLn AZOI a pattern geonetry is defined by specifying a set of x-y coordinates for each
buoy. A lactor for converting relative distance to nautical miles must be specified. Four
types of transformations may change the basic pattern: x-spacing expansion, y-spacing
expansion, pattern shift along the x-axis, and rotation of the pattern about the origin.

In SPAIM the user specifies the number of sonobuoys and the x-y coordinates in nauti-
cal miles for each buoy. Buoy coordinates are input in the order in which the buoys are
deployed. As the buoys are dropped, the user-specified radio-frequency (IF) range is
used to determine if a sonobuoy can be monitored. After the pattern is complete, SPA\
simulates monitoring constraints. The user specifies the average number of buoys that
an aircraft can monitor and the monitoring time. Using the value for the average number
of buoys, the progran randomly selects buoys from the pattern and only these buoys will
be used to determine if a detection occurs.

Target Input

There are twenty target inputs as showvn in Table 3. In ADEPS only four of the inputs
are applicable. Target speed is input. The area search option corresponds to an c\cnly
spaced position inl)ut where the target remains i the search area at fixed positions. "l7he
barrier search option corresponds to the univariate normal input where the target is
assumed to progress towards a b-arrier with a target track )erpendicular to the barrier.
Only the evenly spaced input is used in this study to search an area with 5-O- and t1-1-4-.1
patterns.

Twelve of the twenty target inputs apply to TASDA. Target speed is required. The
target type must be specified as nuclear or conventional, holding or transiting. A nuclear
holding target was used for this study (see Table 1). Target location may be descrihed
in tWo \vays:

1. A uniform time-dependent density function assumes that the target density is
random over a designated rectangle (Figure 5).

13



2. A Bessel normal dListribution. functioni is generated from an) initial bivariato
normal density function that is expainded at a rate equal to input,~f target Speed
(Figure 9).

B~oth target location functions were used in this studY.

Table 3. Target Input

Target Movement ADFAPS TASDA AZOL SVIAM

Course X N

Course St andard IDevintion x

Cou rse Limits X

Speed x X X N

Speed Standard D~eviation N N

Velocity Vector N

Conventional x

Nuclear, x

Holding

I ran~siting x

D~istance Traveled X

Snorkel Cy cle N

La irget L oc'ation Standard De)viat ion x N

liLiAf U c I 4)(jtjt)1 Dcn'iit I~tionU1S

1: f\ ''n ;accdl [positionsl N

iitoi ll Tin)L-dnpejenlt x

U2i i' itL ati ornial x

1,-p'ii ndih' norma~a N Nia

)I Wdn SevenI (A t\VCnt, target Tr.,c sed n speed standard deviation

:I11f :1)1 11c i - OrI liet I IIjate iioii(,I I j)(2kfl c K;111jti'ge t reil. aI h ol w n o lU 1 t1) i

tnl c tj (l- I d 1I p)red ict i it i o taqrget Ilocat ion forI 'Mont e Crlo -i inu Int ion:



RANDOM TARGET TRACK

F.igure U. FnifovmlY )istributed Initial Target Area in TASDA. The
target location is random over a designated area. The same
type of target area definition is available in AZOI and SPAM.
However, the statistical distribution is time-dependent for
TASDA.

SGMAX

(XPT, YPT)O A -SGMAY E

RANDOM TARGET TRACK

Figure 9. Normally Distributed Initial Target Area in TASDA. The ini-
tial target location is normally distributed around (XPT, YPT)
with standard deviation SGMAX in the x-direction and SGMAY
in the y direction. The same type of area definition is avail-
able in AZOI and SPAM. However, the statistical distribution
is bivariate normal for SPAM.
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I. A uniform time-inldeC)ndlenlt denisity function assumes that target densit-.y is con-

stant over a (lesigiated area.

2. A Bessel normal density function is generated from an initial bivariate normad
density luncti, m and ex)allds at a rate equal to the best estimate of target velocit\.

. A time-dependent bivariate normal density function predicts a target position

when target tracking has been successful. This function describes a target being

tracked when it is imperative to re-establish target contact.

1. A bivariate normal distribution function assumes that a target is normally dis-
tributed in an area generated from a single 1)I .AR buoy fix, a S()S['S conta ct, or ;

radar contact. This distribution does not ex)and with time.

The first anlld second functions \wore used for uniform and normal cases in this study

(Table 1).

SPAM uses seven of the twenty" inputs listed in Table 3. Required input is speed,

speed standard deviation, course and course standard deviation. Target location can be

as signed using three distribution functions:

1. A uniform time-independent distribution function with the property that a target
is equally likely to be at any point within a bearing box of length L and half-
width 11.

2. A bivariato normal distribution function which has a user specified mean and
standard deviation.

I. A univariate normal distribution function which has a normal distribution in an
\ direction and a uniform distribution in a y direction.

Vunctiul;, 1 anId 2 were used for data analysis in this study.

'.( lU A il pt

.cnustic input for each p-.rogram is listed in Table -4. The acoustic inp,, soizrce

level (4), anibient noise (AN), ald i'ecLgnition dillCrcntial (RI)) are useM to determine
I.'t)' ,\T i-, oquatioin 12.

Probaliblit of detectiou is defined t !sj '. 5 when signad excess (SE) in equation 13 is zero
tOf i',"(,'et2. ltio,1 los s (l'l.) :t ,':u1;e H/.

S F(u: - Pl I.) .13'
fC;1'Iti1:



LII ,:1('1 !()iIat 1 .l ,'habiitiy cu'rve is used to assign probability values to values of signal
txte.-s>. Whel signld excess is greater tha zero, the probability values will be greater
thaw 1)..). \MI4e, signal excess is less than zero probability" values will be less than 0. 5.

Table 1. Acoustic Input

A l) l PS TASDA AZO SPAM

Pro)) lN()S" (11L) X X X X

l lucoonlitioun Dll~erel~ti'd X

'e ut MeritX

Mlultiple FOM X X X

I"()(' C'L \ :X

Multiple Plh X X X

Cunt'rgeaCe Zones X X

-\1)1 PS considers propagation loss (Ph) curves, source level (SL), ambient noise (AN),
and recognition differential (RDI)), but ADI.PS does not have a provision for time late. As

a t sut llI IFPS could 0nv be applied for 54 of the 810 possible eases. There is no pro-
viSij)I for multiple frequencies or multiple FOMs and a separate run was required for each
case, In order to reduce the number of runs, an FOM of 75 was selected with a frequency
(d :300 lIz. Iighteen computer runs were processed for scenario 1.

The TASDA programi cal accept up to three propagation loss curves and up to four
F(0\Is, These two features reduced the number of runs required from 162 to 18. The user
may input convergence zone ranges and ,vidths instead of propagation loss curves.

In AZ(i1, a receiver operating characteristic (l()C) curve is required input. This
curve gives probarbility values as a function of signal excess. Other inputs are a table of
propagation loss versus range and a figure of merit. Two subprograms of AZoI were

nlodified in Ma\ U)7, to process multiple l(Ms, multiple propagation loss curves, and
multiple patterns. The number of required data sets for input were thereby redueel from
"1) to tight.

'
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'>t :I t,, e Frnls. 'le preset package cannot be modified. TASDA also
ni..." C ll' tmikc't, hut 'he package can be modified. AZ )l and sIAM have no

lr*tscl i ttern files. :\1. )S has a normal initial target location distribution. TASI)A,
\/f ,1 :ind SPA'\M :ill have options for uniform target location distributions and normal loca-

,1 m,,els input a ipagati loss curve. TASDA may input propagation loss curves
It !,-,, different depths. Therefore, one sonobuoy pattern may have sonobuoys placed at

till.'n (lepths. .\Z/ !I inpui t sI receiver operating characteristic (IM()C) curve which assigns
:,'oldi~ltv to N.alues of .l .* In AI)EPS and SPAM this curve has a normal density distri-

,t ,m ,ithi prohahili tvij;:1 to 0.5 at the mean of the normal distribution. In TASDA
ct ltdul iVe pr,) hahility i> determined from a lRician density )istribution. TASI)A assumes
A)l ,.nootovs ;a-c acti\ate(l at the same time. In SPAM, the user specified ground speed

tei pineii.s the time each huo comes tip.

V-. ANAl.YSIS 1 l' lflI I.'I'

rwo types of program outi!e are compared by this study: expected probability of de-
ect ion I F]( )1)) and cumulative p,'obabilitv of detection (CPOD). EPOD follows the statistical

definitions for expectation. CIP( ) is computed from a probability density function which
follows the statistical definition of a density function. Each program uses different assump-
tions to arrive at POl) and different density functions to calculate CPOD. Since methods
of calculations are different in each program the output have different numerical values.
th ;inlsi. in this section examines mathematical techniques to explain the CPOD and
f- P(i[) numerical output.

A list of all program output is given in Table 6. Although CPOD and EPOD para-
meters in Table G are listed for TASDA, AZOI, and SPAM, numerical output for these
measures of pattern effectiveness are not the same. The output values were analyzed in
reference to four scenarios. Three target-receiver depth combinations, shallow-shallow
(S-S), shallow-deep (S-I)), and deep-deep (D-D), were used to generate propagation loss
curves for the first 3 scenarios. Probability of detection was predicted for three FOMs and
for a low frequency range, middle frequency range, and a high frequency range in scenario
1, 2 and :3. Scenario ,1 uses two target-receiver depth combinations, two frequencies and
one I"( .

Scenario 1

Expected probability of detection was calculated for five patterns with a uniform and
normal initial target location distribution. Time late was not a factor in the uniform case
because that parameter did not change the initial target location distribution for AZOI and
SPAM. Therefore, values for 1 and 4 hrs time late have been omitted and only values for
30 min time late appear in Appendix C. Cumulative probability of detection was analyzed
using the method shown in Figure C-1. Using this method cumulative probability of detec-
tion was converted to a single eventual probability of detection value for comparison pur-
poses. Both the eventual P01) values and the original CPOD curves appear in Appendix C
for TASI)A, YvA I, and SPAM. The 18 CPOD curves that were generated for ADEPS are
shown in vigure 10 with the corresponding curves for TASDA, AZOI and SPAM. Since
\I)PS could process only two of the patterns the results were not analyzed for inclusion

in Table 7. However, the relationship between ADEPS output and output from the other

19



thr(e mo1dels c he deduced ffrom Figure 10. ()ne characteristic of the AI)IVPS Cu Ive is

that they alwayNs ise to 100' IN I).

Table 6. Measures of Effectiveness

.\1)1 PS TASDA AZOI SPAM PROGRAM OUTPUT

X X X CPOD

X X X E POD

X PD2

X PD3

X MIT

X MHT2

X MHT3

X MHFD

x P

X P (t)

X SIGMA

X P(DE/NDT)

C POD ctumulative probabilit as a function of time on station
IP() 1) expected probability of detection on one or more sonobuoys

PI)2 probability of detection on two or more sonobuoys
PD3 probability of detection on three or more sonobuoys
MIT1 mcan holding time on one or more sonobuoys
\IltT2 mean holdig time on two or more sonobuoys
MIIT8 merm hlding time on three or more sonobuoys
MTI"FD mean time to first detection

P avera,.e conditiona] probability in a section where the submarine
is assumCd to be a random ta-get

0(t) cumulative ptvob-a)ility that a submarine has entered part of a
huo) field where signal excess SE is grcatx thaui zero

SIT(;MA, standard deviation of P01)
P(DL/N Li) probability tlhat a target will be dctected given that it has not

been detected in the past

l'nitorrn ( us.c

I, N ,I) \ alucs for the un:form ease were averaged over three FOMs and three frequen-
cies :)) I he .iverages are present in Table 7. For :a h;b:dlow target and receiver, rASDA

,w-. >,u 1-1- i--I pattern as most effective over the frequencies ad FOI\ls with a value
1,f S.-'. 1 iq)D. Ior the shllow-,teep target-receiver combination, TASDA shows the

(hecron pat tera as most effecti, e. For a deep-deep target receiver propagation loss
curve, T'ASI)A qelocted the Cbvron pattern, AX i, .selected the circle pattern and SPAIM

2)1
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selected the 4-4-4-4 pattern as most effective. Note that there is very little agreement in
pattern selection. Trhis is because of the different modeling in each program. Since the
patterns were defined at a near optimum sonobuoy spacing, the models give about the same

proabiityaverages for each pattern they evaluate. However, the difference in average
probability of detection from one model to another is very noticeable. Differences In model
Output Is as much as 34" predicting the performance of the same pattern. Since there
was not much difference in EP01) between the five patterns using one model, the number of
patterns considered was reduced to two. only the circle and 4-4-4-4 pattern wvere pro-
cessed in subsequent scenarios.
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N(oIallll Case

lime late is a factor for F.l( d) in tile normal case. The time it takes an aircraft to

arrive on station changes the distribution for initial target location. At time late equal

ztro TASDA, AZ I, and Sl'AM all have the same normal target location distrihUtion as

sho~vn in Vi.,iure 11. At 30 imin time late, the normal distribution spreads out as shown

inl ure 12 and l.gure 13. After 30 min the probabilitv that the target is at the original

estimaited position is smaller. Since the target location distribution does change, the

eventual probabilit\ of detection % alues are different for each time late. 1'hese values are

given in Appendix 1) under Normal Case. In this study normal case output CPOI) values

were averaged over three V( )Ms and three frequencies and over each time late. Table 7
s:\L',(l vul1es. Th tlh'ee Sets of output showk that AZOI is consistently the most

optimistic of the three programs. This is a change from the uniform case where SPAM

\v:s tile mlost optimistic. As in tile uniform case, the averaged values were very close

for different patterns using the same model. The ellipse and chevron skew patterns were

]pr"ocesSed .tUh-Se(qultlnt s(ena'ioS.

-enlaio '2

(',mulative prohahilit ot detection was calculated for two patterns with a uniform and

norml initi:d target location distribution. The first flight arrives on station after one

hour time late :uid remain, on station for four hours. A standard deiation in target speed

i. introduced. lhe last three flig hts arrive on station with no time late and remain on sta-

tion for toll h,rs. [his sceiLrio is simulated by :i computer run with one hour time late

) ho .'-s oil station.

TM,* values in AI ahle 1, were olhtined hN examining CIP()) curves and attaching a numeri-

c:l l )e oI each curve . In ,der ) :rri\ e at a numerical value the slope of the curve and

Iable 1

I'ered I' roh:,i litv of l)etection for Scenario 2

I ,V.1

-~ >11

l
, k , '1-I. -I .

~ ~ ~ _______I_____

L " -
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4 -3 -2 -1 0 1 2 3 4

DISTANCE (nm)

Figure 11. Normal Target Location Distribution for TASDA
NZ(l and SPAM at 0 min Time Late.

-4 -3 -2 -1 0 1 2 3 4

DISTANCE (nm)

Figure 12. Normal Target Location Distribution for TASDA
andI AZOI at 30 min Time Late.

-4 -3 -2 -1 0 1 2 3 4

DISTANCE (nrn)

F-igire 13. Normal Target Location Distribution for S1l..AM%
at .30 min Time L ate.

25



its irn x'-tmum value shoti ht le considered. A nlumeical \ aLuC basedt Onl a rea 111de Nc tt
was u sed] Ance area under a (urIve ( etwils on rise I Me anid curve height. For exmpi e, il
Figuire 1 1, (Curves A* and 1B rise to the saime p iotiAtIjt of dietection equal I t 20. _ i Iwve ci,
Cu rye A rises to that 1,()I) faster than curive 11 and has a higher numerica indlic ato av'al-i ci.

In Hymu e 15, cu rve C r-isesi s fast as cua .ve Wht CuIrve C ie to n mail( r P~( PI) maxi -
mum,. Therefore, the l artic associaed "!Ih enurvye A has a hig~heri n mear sori & emtm ene
than cuire C and thus, has a higher numeejea lodjeator.

trhe area under the CH Ii)D ecarves was estim ael In \I su li i nspc'Cting tho cmrm s. The
met hod us e( to calculate the MIT'i) Curye imdeir cao' ues is shown in tigere (i -2 in A\ppen-
di\ C.

Iniforil Ca*:se

it1 1) indicator values for the unifon ma asc were :Avei-aged over three 11 Q\ s aothr ee
I rt enc('i s, andi the averages are pr s e h Ii 11le mi''. The indhi:ioi- v dues I o ei eh
cu v a re shown in Appendix C. *In this scenario oni v two pat terns were con -0(1r ,i~ndi

compuer ci otput showeai only partzial agreemient. H owever, it is imlportaai to remember
hat in the unior m ease initial trget pesit ion is unknown. Fo r all three models ind icat or
values felt within a few perceaae vales oF ach ot her for the 1-4-4 anad ciraclec pattIerns.

I IOWvver, the (ii[erenie e hetween models is ats nmh as 37 i a.- ID tntst md) t, mllkw't

Wie in A cases.

\orial ( :asc

'1 11) indi cator x-:uu to Whe Pt)rim c (lst- were aerage( over three ICNl :nd three
frouuccien anti the averages ore Qmw fOin ill e sti c.The indicator values are shown in
A\pt L'P' 1. . in this case, 40ntiaIarget loca ion points arc clustered toward the (center of
tile 1,111 :11m !(,I I i\--d) \, .\/) Zul m Si t

it. (inc vn expect these three nmdels to
,nwit tifp ow' cin u>dmikqlk Amun there 1< 'ow ou umrtiol on target location, tattle S

ii ' t\~' ( ~tltipit\d 'IC!e (i at. :e r(tnatpi not itveabl different. NOV that th(e
A 1! .1 ert( i K - i J i thC nil pse wliecrca in the uini foi n

I. itei E.Yl 2-v 4 0'(2 a 1 etiC i t he S -S duldth. Ti-, i ulati'ti~hip?

C1:~an'. I,( .a' iftor hpiern- n 1ffepths. Tell"o stationi
I ei~t~ek t~ta I~ 01 :aC.r ho hpltrn a.al dpts Te t

- t at)it i 0 *I it? ,tp-an waselen oi- t'', l-ttieras with Iuai -

:1 ti 'rit tI',- it O i l-I d i:, 1i t . ta fliithl.s, ardnt on staji nt wvith t

''t vi A!i.' -ttiot for ftur mrs. itch Fihf Searches a titiatrajit of
. . 1gdinohli i 5:)ttI pa tterll or, ro miv ic with respoeet to lie Center,

:1.! jlildrajll11 lal l eil iti~t\tt iv Tltel)re , only computer
'it ito. urla r ecessai'. . itedof niainling C l'-t)Dildieator Vaitti25

-I' ~ e tittpm ctII>*I!rc .tis vuw oht"Ned In tdividling the Cl''Lic-u rves
0 i,~ste. -;hwai' t. of \ppell'ix f Ci it) indicator values- tor the uini-

p o!I las cli' ri~ ~t three I',l- antd three frequencies atni are
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Figure 1-1. j r\e,, A and B: Numerical Value for
Pattern -election by Rise Time.
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Figure 15. Curves A and C: Numerical Value for
Pattern Selection by EPOD.

27



ercent I'robal ilit, of'I Deecin folr Scenliario :3

"I, I-k

21, 2- .

.1 . 7. 1

in t in iki for t 5 results inl Fable 9 show, that there are still significant dlifferenecs

;I no10 iip, m &It l dept Ii. I Iwe er, short eninrg t ie onl station time apipears to have
roweo hAthe\ii( closer togiuhr in I he normal ease. There is only 2. 37 maxi mum iiif-

A-roe at Ibe S-S depth.

TVh ci riic and (hrroil skcw Ap\Ipeudix A)luo~v fields were considlered. 1 he environ-
in emi was t anglad from ii I'ic fRe to the .-\t iic for a different type of comnpariso)n. the(

ollj -;pcel proffiles ill I igl res 2 and 3t show tht there iq no CZ so Sound propagationK
hr diect pith. The pm ui.ga: ion loss enurves in .ppen ix B indicate bottom )oLunCe is p VV:(';

I-l - tI'M ft 'oiirc li~.'( oi 101,;tl comhiuiio. Vlues in Table it0 show !t\eragu 14 M

oi~t iile 1 '0r IIIhe AI kti ti' iriI~ert. llvdropheone dlepths of 100 and PWO ft verte

C h, , r, to i ir ti I nt jit I ; ndl th t. resuilIt .at i t s hown i n Table 10.

I< wmla i. t\ I- , !e-1 '1n1 diiv Khur m the model-, re-spond in 9 e,, ct path eim ironrnlt.

~~.-'' ii h or- I wcr~ Lhril in the other bceria~is becaurse of the absence or aI
Ql .I7I i A WC I I~ lit, tine, noticeable resul In the output aeraged in Mbe

10 - IA91 x 'lila inni h\ ii llasine the chevron skew pattern in the normali ca-ic. Actu-

all'% ,,, I- I '' 1, me .iwilj 1 it-di t (ot the chevron -bWew pattern since the co\ ciage is

grutemt i t 1% m-ie r "M ere hei t a rget i.-, mst likely. i he other two models, howe% er,
didi not AM ep- .- ieibiv - ignifcRmuI from the uniform case.

2I



'FablC 10
Percent, P rot :ihiliix of D~etection for scenario 4

tNIVI'ORM (.\Sc' NORMAL CASIE'

S-S 0-I) S-S D)-I)

C'I1 II. (t'.\SI 115. 1 s. 7 CI I EVI ( S KE W 2s. >12.3

ciiuW LI' \/( 'Ii ' 6 2S. 1 CHIEVRON SKEW 6 7.1 319. 9
I (1fflIA., (SP'\I2 7 25.7 (A IE VI ON S KE W 2-1. 1 :~

511 )P E \\ \VF, It SLOPE WAI' ,'R

CVCI 1 .i . 4 CHEVRION SKEWA 10. 1 9. 1
T( V.J 21.:) 23. 7 ChVO KW 41. 8.

831 0. 7 CHEVRON SKEW 82. :3 2. 5

1 \pecte(! pruohalnlitv of detection is calculated using four different methods. AITIS
cAIcuilit es thle veirage conditional probabilit* i n a s *mrmetrical subsection of a buoyv field

paIt Iern where tile submlarine is assuimed to ble a random target. TIASDA- computes prol)-
I o (Jt et oo i oe o mre uoy nso~Monte (Carlo simulation of 100 ra ndom

I rack.> hrw i buov field aind a detect (13()D 1) or no detect (P~ODI 0) analysis for

(i ?ch track. AZ'! aI ses ainoniinal probabilitY function to calculate F:P0D %\here a \valUe
tov tic me a0oa, a trtack i.- cho.-en randomly. SPAMl uses a M\onte Carlo simulation and

cal~~P caJt)*11 1)1 y aca Iaa probability obtained throug)h assuming indlependIence of
hu nov it h : ru ahi lit v obtal ned 1w assuming complete dependence Of buoys. *Since the

Mc 1110(1- (J c CIcul ation Nre different in each program, the output for IKPOI) is not exactlyN
the me

\lDl l'S,DASI., AZ( )I aind SI 'AMN a1l calculte cumulative probability of detection as
aI funet i(n of, timle. I lowe\ el , the miethod of calculation is different in all four programs.
A 11, I1'S C ns~n -Xponlenit al expre-s-sion to estimate a condlitional cumulative probability'\

i, ' a dl Csetsd in; SeCtionl 1. IASI)A Uses a dletect - no detect Monte Carlo methodologyv.
Az( )I ussFI P( c cal ali m to obtniai in estimate for the lower limit of CP( MNi. InI thle
caIse xrhere thle taIlget, location is assuamed to have a uniform dlistribution, thle ('1P01) does

a 4I change. withi timle 1n141 i.- u jaal to 1<I H )D). In the normal case, 1KI( )DI and Cl '01 are dif-

fo rent sineo caIlculat1ions foi- the noi-mal cas,-e are time dependent. SI'AM uses a cumullativ e

time( window to limlit P(i )D c:tlculantions foc, CI'( Mi. Since dlifferent techniques aire tsed for

at ch pro,- a m , it is not expectecd thalt ('( i)D ou~tpUt il l he exactly the same for each pro-
ta D*I I1- o iitpJils- I' nd IP~t; I'ASJA Outputs C(Ni), 11 01) and mean time to first

dleCtion ('\ITI: AZ'( )I outputs CP IMii, FP IM i, stanittIird devi at ion (SGM A) a n1d prob lbi I-

iti that aI tateet0 will be detected _j\ en thant it has not been detected in the past (I'1) DI 'NIYI;

- I'.\\ outputs CI,( i) am1i I' I,()). .\lthough thle svtribols C I'0I and 1K 'i)D in TaIhle Gii re
wused fni AZs)\ \i I, nd SI.VM, thle olttput for (hese parameters nima not lie the samte.

2t )



I' ill, ttctItII is i i~: lls artl. i icaiit(I h h - -)Ilt \ eeinu (I ac I)O\lLTIl

h\ I'' C iruicj chi 1c-I, K1 h4guiv It; I hose TTa ow icj)F( set thle locationsw xhurc t he

I ) [ I I 1-10 PG N IS
TIME STEPS

TARGET TRACK

CONVf =\( E -

ZONE -- DIRECT

PAT H

I mT I;,. kliMnCt line k for I AW~i> am, I., Ai 0 oion Around :I Sonohuox. IN 0) 1.

nn t)-5es SF is greater than zero, if the tinuCIVt remins IT one? of these areas luring

''0 ~lieC~ix ti Me s teps;, t hen the PT id) I for that time period, ( thrWiseU, the 14)D

K. There V U he a sot f theso values loi' eachI of tihe 100 1 ASI)A tIOaks, The \ alues nire

Jinie' w ei 1tin 1HY4l to pon "p with ('14 dI) values0 for each time interval. At low Rt W\s

he nveIts lul(ICul 1w Ceweat Vic circles b ecome ve x smnal ( as a iesult, the ('11H(T)
\aluc TI r T To rapid lx to ? cr0. A&( TI Wn St '?< Com11pute I P(lI )1ersus range for each Inor

rath hr than ns'.' 'igI Io " ~ a.a a paticularrat.

SI>V'I sptim~istie at To\\ V( M

if the target ih- a " rnac uch that a Wrjnt linc %Wil be created on a gram, then
Itnev It) T IIt he IC5italC an ouiit 4ft i mc durne TIIg vhi thle t arqet remalns at a (lete(mtale rac

in (liter TOr the operator ni 4e !I Eve; call it tn. F cen aftecr to time has passed. the oper-
:101 ma 'no A-l-e~ Ille lit.. FIc pI)rKIIailit\ thUit tht opeintor sees the line ileleases upT

'11i l~e titiie, tZ. herwe two kNWP~ fo ime ArQ incoqroaed into n ctiniIlate time
!.11!'* fi(i ,I\ model whi ni e\(inu I thle prol a hi iies- he 'en these timen in i nremenkt

of time 11. 1lie snallet the \aLI Wie to, the higher 'he I )D kalue. Strifdlnil iperiifl
:'tle o: Q'\)l mre (ta, 11 (Wa , .5, 50" l1ui means that, W~ 'argt miust re-

TfliT :1 a1 teeetnhlc nu AwiTc to 01 nrintrtes tin achieve the probal I; ol detection pre -

dicteC I% tle( !ndanii ilT55i' u uv:Ii ecWjuii'nn The %vdues to, 1 1, 1, in the (I'l caused

piciliIli( -4 1
ji ;PAM to bie ol~indistje at low VT101s. DOWli' cani occur at any time

lietre or NTi Qi , t deteisdin 0 cLnefe.

3. PA7%1 PIesu Itsn re 'hOre (oh zcinl\:t le at Hig h 1:1VAN

lie ( RV model builds t~tCtJO) Iohl ii t s e'ipErifenit aly for a target re-

wrnin NiII nt fixed -an" ~ ii
1  Hrto !z with the prIm"Ihility pi edicted by the sonar eltrinn~t

aehic' : If1. t il in 1 , 1,, pa ~' I his functi1orn %so smoothel; the je nip from low proh-
;ijii :I- sI ciated with ionT I> to hiuhI proli :: ii e- associated tithI high FIt TMs.



.1. T \SI)A and AZOIi Show :i Jltmnp in ('I() as F().l Increases

A normal (listribution around the fimure of merit is used in the SPAM model.

Te belief is that the area under a normal curve is equal to the proha)ility of defection.

SI, = 0 when V 'iM - PL,. At that point there is a 50r,, P()D. As shown in Figure 17,
SP1M P(d) gradually increases s V increases. Truncation has an effect on CP()l) values
fr .\Z )I with low l'OMs. For low lX)Ms there is very little signal excess and prohahi lit-,
dlepended on the left half of the curves above; therefore, the CPO) values dropped quickly
to 0. I'ASDA uses a Rieian Distribution to simulate short-term fluctuation in the PI. curve
:nd cnlculations are based on the assumption that below the FOM an operator is unlikely
o dtetect a target. letection is either YES or No based on SE 0 after employing the Pician
tuctuations. As is apparent from the graphs in Figures 17, 18 and 19. AZOI and TASDA
Irve prolahility distributions which drop off quickly to zero below the FOM. Therefore,
TASI) n and AZOI exhibit breaking points when the FOM reaches a small enough value. At
these 1.'()\s (' P()I) falls rapidly to zero.

5. AZOI Shows Small Variance Between Patterns

AX(l differs from TASDA and SPAM in that TASDA and SPAM use successive time
steps along a target track for a particular trial. After a track has been generated for a
)articular trial, AZOI picks random points along that track and evaluates POD values at
those points. Therefore, the time increments are not evenly spaced but randomly spaced.
At each point, the range to each buoy is calculated and the probabilities associated with
each buoy are summed to give a POD for the target at a point along the track. In this
manner, all contributions are considered. The probability at a point along the track is not
zero or one as with TASDA, nor is execution terminated when a detection is encountered as
with SI'A'\. So this method yields more values for POD along a track; and a cumulative
time window is not employed as is the case with TASDA and SPAM.

These five differences in the three computer simulation models result from various
interpretations of the tactical sonobuoy situation under consideration. These interpretations
result in different output values for each of the three simulation programs.

fle large differences between computer models require further investigation. Future
,tudies 0should be based on1 a real world application of the sonobuoy programs. Real world
iiission planners usually have S)SUS or other intelligence information for input to the
luo el and are inte rested in POD versus buoy spacing. The output data sets in this report
arI riot (hesigne(i to reflect a real world application of the sonobuoy programs, but acquaint
the reader VWith the amount and type of data outl)ut generated by considering a few pattern
Conligo ritiols u nder several different conditions.
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l'igure 17. SPA..\: POD vs SF: Used in the Calculation of a Lateral
Pange Curve (Normal Distribution).
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SONOBUOWY PATITF:N DEJFINITION



CiIRcl PAITERM

o, 9 S n

Figure A-1. Circle pattern used in scenarios 1, 2, 3, and 4
for a uniform target distribution.

I SLL1 I

Figure A-2. Ellipse pattern use in scenarios 1, 2, 3, and 4
tor a noimal target distribution.
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Figure A-3. 4-4-4-4 pattern used in scenario 1 for a uniform and
normal target location distribution and in scenarios 2,
3 and 4 for a uniform distribution.

("I VON PATIERN

Figure A-4. Chevron or X pattern used in scenario 1
for a uniform target distribution.
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Figitri A-5. Chevron skew pattern used in scenarios 1, 2, 3, and 4
for a normal target distribution.

A, I k.. .

S!gul'u A-C). 5-6-5 pattern used ini scenario 1 for a uniform
and normal target location distributon.
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BRUS ITA( PATTERN

Figure A-7. Brushtac pattern used in scenario 1 for a uni-
form target distribution and for a normal

target distribution.
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source depth for scenarios 1, 2, and 3.
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APII:N 1 1N C

I "I' I [I t \ A , VF"S-

I hi Ippcndi lc iolt ai as a sllmimi iv of the computer runtime for each ol the s enNrio>.

It .hould he n+c l t hat t he untine for AZ( )I includes the c alculation of 1)1 'N)T in adi-
tiom to I IP( 1) and ()( l). .\lo, A/\" includes pattern proecessing time. Pa ntime must
hL I m lti i 'd h\ :1 factor of 60 when estimnating minicomputer rntime. Therefore, the

vafcn e C:H) h. (onsidered in houri's rat her than milntes when making minicomputer run-
time esti a ;te>.

Also in this appelix r'e the oridginal data generated h the programs (F.igures C-i
thnmah (-o. "The data are presented in graphical form. The original data were reduced
to single I IM) am ('11 I1) indicator values for the purposes of program comparison in this
report. The method for obtaining the indicator values is shown in .igures C-63, C-;1,

- I;5. The deri\ed indic:tor values for each RI.M, frequency and depth combination are

listed in tie tables in the appendix. ITese valuts were averaged to obtai n values for
amlvsis in the text of this report.
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Scenario 1

UNIFORM CASE CIRCLE PATTERN SHALLOW-SHALLOW
TASDA AZOI SPAM

00 100 oo
FREO0H 8 ' H P- 96

FOM /0 dB /

0 
5a. 0 S 0 .. - -- SOF EO Htt' 50 0R' -0 H,

I , FREO 50 H, IOM 80 :18

FOM 75 dB

0 2 4 6 8 0 0 2 4 
6  

8 to 4 8

HOURS HOURS HOURS

100 I00 100
FREO 300 H, 86 - ",-- -

FOM 70 dB 74 /

so 5 5 0 1 F R [ O -0 0 H .

. .40 -* / /FREO 300 H, 1810 0 dB
/0 /0 FOM 75 dB2 2 /1..... 7p 7O5 80dB

o 0 0

0 2 4 6 8 10 0 2 4 6 8 0 2 4 6 8 0
HOURS HOURS HOURS

00 tOO I00FREO 1000 H, FRE0 1000 Hi .. .

FOM 70 dB FOM 75 dB 76 ' ' <r . . .
/

0.50 0 O /ss
FREO 000 H,

21 26 --- --- FOM 80 dB

0 0 0

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
HOURS HOURS HOURS

FIIVQ 50 llz FI I.VQ 300 llz FII.:Q 1000 Iz

FOAT 70 75 80 70 73 SO 70 75 80 ,-S

CHICLE (TASDA) .14 .50 .96 .22 .58 .86 .21 .26 .76 u19.9
CMICLE (AZOI) .54 .88 .99 .40 .74 .95 .20 .4; .78 66.0

CHICLE (SPAM) .55 .86 .81 .59 .72 .90 .41 .61 .85 70.3

Figure C-63. Scenario 1 - E:ventual probability of Detection for a
shallow target and receiver. The eventual I(OI) value
is tl - maximum "7 POD attained by the curve. Eventual
POD is obtained by observing the maximum POD for
each CPOD curve. These maximum values are summed
over frequency and FOM to give a percent POD for a
uniformly distributed shallow target and a shallow
receiver. Not for example: (.14 + .50 + .96 -1 .22 +

.58 + .86 .21 + .26 , o76)/9 = 49.9.
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UNIFORM CASE SHALLOW-SHALLOW

TASDA SPAM

00 100 to0 t-- . -

FRfQ 50 H: 91

FO M 0 dB /

so fREO 50 H,
so 49 5 FOM 80 bB

FREO 50 H,
FOM 75 dB

S0 0

4 6 8 10 0 2 4 6 a 10 0 2 4 6 8 - O
HOURS HOURS HOURS

00o 100 to0

FRO 100 H. 88 , .
3 0 'A -8

O 50 50 f! FREO 300 H,

47 FREO 300 H, FOM 75 dB
FOM 75 dB

S0 0
4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

HOURS HOURS HOURS

1o, 00 100
too FREG 1000 Hz - _

FREO O00 H, FOM 75 dB/ . . .

FOM 0P O7 /
65

. 50 50SO /

FRFO lO00 H,

1 7.-- 

F O M 8 0 d B

S 2 00

2 6 8 t0 0 2 4 6 8 10 0 2 4 6 8 1O

HOURS HOURS HOURS

FRI'1,Q 50 liz FIIQ 300 liz Fll( IQ00(0 liz

70 75 s0 70 75 so 70 75 0 S-S

CltCI I.: (TA.SI)A) .13 .19 .91 .15 .17 .86 .1-1 .17 .65 .17.2

CIHCI.I-: (AZ/)I) .01 .17 .92 .jo .1 -() *03 .16 .5- ;

CIlCI.: (SPAMI .51 .72 .S3 ..15 .62 .81 .11 .55 .78 63. -1

lgu re C- -. Scenario 2: Average Probability of Ietection a shallow

target aid receiver. The average P()D value is oh)tained

b\ visualh estimating the area under the ('1()I) Cu've.

These nverage values are sumrnd over trequency and

F()M to give n percent 1)( )D for a uniformly distributed
shallow target and a shallow receiver. Note for example:

f.1.1 , . 19 . 1 - .15 .47 .88 , .1.1 , .17 1 .650)/9 -

.t7. 2: ,.
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UNIFORM CASE SHALLOW-SHALLOW
TASDA SPAM

I0l 100 100
fRO0 OO HO1

FOMr O 7 d011O 8r

s. ORE 50 H

o soM 70M 80 dB[
FREG 50O H,

Ls <. ( FOM8od

00__• 0

0 2 4 6 8 to 0 2 4 6 8 10 0 2 4 6 8 10

HOURS HOURS HOURS

100 100 0

FRO10 z FREO 000 Hz

FOM 70 dB F d- -

0 so._, o TFREO 300 H,50 so SO FOM 80 d B
' / ,/ Lil 1 FREO 300 Hz

MdBFOM 75 dB

0 L 6 8 1 0 6 8 1 0

0 20 00 4 6 8 10 0 2 4 6 8 10
HOURS HOURS HOURS

100 100 IRO100H 00

F R E Q 1 0 0 H z F O 5 d
FOM 70 dB F M Sd ' 

'  ' -'t l  
. .I

5 z FRFO 3000 Hi50 505 FOM 80 dB,

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

HOURS HOURS HOURS

FREQ 50 11z F1REQ 300 tlz FR EQ 1000 Hz'

70 75 80 70 75 80 70 75 80 S-S

CIRCLE (TASDA) .13 .50 .95 .09 .43 .82 .22 .32 .73 46.0

CIRCLE (AZOI) .05 .27 .76 .07 .24 .43 .02 .13 .35 25.8

CIRCLE (SPAM) .48 .69 .81 .32 .57 .77 .25 .40 .63 55.2

Figure C-65. Scenario 3 and 4: Average Probability of Detection for a

shallow target and receiver. The average POD value is

obtained by summing the POD values at each time incre-

ment.and dividing by the total number of time increments
to estimate the area under the CPOD curve. The average
values are summed over frequency and FOM to give a

percent POD for a uniformly distributed shallow target
and a shallow receiver.
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AG-AI!0. 415 NAVAL OCEANOGRAPHIC OFFICE NSTL STATION MS F/6 11/1
ASSESSMENT OF TACTICAL SONOBUOY COMPUTER PROGRAMS FOR ENVIRONME- ETC (U)
FEB 81 L J FUS ILLO

UNCLASSIFIED NOO-TR-260 NL

Noni,



SUPPLE MENTAR

INFORMATION.



DEPARTMENT OF THE NAVY
U.S. NAVAL OCEANOGRAPHIC OFFICE

NSTL STATION

BAY ST. LOUIS, MISSISSIPPI 39522 IN REPLY REFER TO

Code 9200
8 February 1982

ERRATA

Naval Oceanographic Office

Technical Report TR260, "Assessment of Tactical Sonobuoy Computer
Programs for Environmental Software Systems (U)," February 1981, should be
corrected as indicated below:

1. Replace graph Lat 3935N Lon 7130W on page 10 with "peel and
press" graph Lat 3936N Lon 7029W.

2. Replace graph Lat 3936N Lon 7029W on page 11 with "peel and
press" graph Lat 3935N Lon 7130W.

Enclosures (12)



IJEPTH VELOCITY SOUND VELOCITY PROFILE LAT 3936H LON 70U
VELOCITY M/SEC DATE 171169

0.0 152S.1 1500 ,5I0 1540
67.0 1526.9 (NEAR SURFACE)
90.0 1523.2 VELOCITY M/SEC
100.0 1523.4 2
111.0 1520.5 lam 15 154
132.0 1519.2 - -147.0 1513:5R

165.0 1516.7 -181.0 15St.8 ' "P

200.0 1514.S -312.0 1501. 7

460.0 1491.2 a -

600.0 1485.5 1 -800. °0 1481.7

1000.0 1481.4 1.a
1200.0 1483.8 law " -

1500.0 1488.9 - - -

2000.0 1497.4 1
Io

a,4e~ o3.-' \ 8 a,

a - -

a



DEPTH VELOCITY SOUND VELOCITY PROFILE LAT 393SM LON1 7130U
VELOCITY M/SEC DATE 181169

0.0 1523. 148e 1500 1520 1540
34.0 15.24.1 (NEAR SURFACE)

41.0 1522.8 VELOCITY Il/SEC

82.0 1519.8 18 5 50 14
88.0 I1556- -

99.0 1513.8 40tll,%
10S.0~ 1513.3 40-
121.0 1509.5 600
149.0 1507.9
178.0 1504.4 see- -

200.0 1502.6
312.0 1492.7 1-
460.0 1483.0 i ee
600.0 1480.81 - -- =
800.0 1481.7 120014 -

1000.0 1483.9 1 -

1200.0 1486.3
1500.0 1490.61401 --
2000.0 1497.6- -- -

2400.0 1503.2 1600

2208-




